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roughness (Ra), and the number of the peaks of troughs is regulated to 320 to 600/25.4mm. 
Furthermore, it is preferable that the steel sheet before the plating is retained in the temp, 
range of 600 to 500°C for 20 to 60sec in a reducing atmosphere composed of hydrogen and 
nitrogen and in which the dew point is regulated to -20 to -40°C. 



(22)Date of filing : 



13.11.1996 



(72)lnventor : HORI MASAHIKO 
TOKI TAMOTSU 
TAKEBAYASHI HIROSHI 



LEGAL STATUS 

[Date of request for examination] 

[Date of sending the examiner's decision of 

rejection] 



10.05.1999 



h 



e 



e 



Searching PAJ 



Page 2 of 2 



[Kind of final disposal of application other than 
the examiner's decision of rejection or 
application converted registration] 
[Date of final disposal for application] 



[Number of appeal against examiner's 
decision of rejection] 

[Date of requesting appeal against examiner's 
decision of rejection] 
[Date of extinction of right] 



[Patent number] 
[Date of registration] 



3149801 



19.01.2001 



Copyright (C); 1998,2003 Japan Patent Office 



g 



e 



e 



h 



PAT-NO: JP410140317A 



DOCUMENT-IDENTIFIER: JP 10140317 A 

TITLE: HOT Dl P GALVANNEALED STEEL SHEET AND ITS PRODUCTION 

PUBN-DATE: May 26, 1998 



INVENTOR-INFORMATION: 
NAME 

HORI, MASAHIKO 
TOKI,TAMOTSU 
TAKEBAYASHI, HIROSHI 



ASSIGNEE-INFORMATION: 

NAME COUNTRY 

SUMITOMO METAL IND LTD N/A 



APPL-NO: JP08301681 
APPL-DATE: November 13, 1996 



INT-CL (IPC): C23C002/28, C22C038/00 , C22C038/14 , C23C002/02 , C23C002/06 
, C23C002/40 



ABSTRACT: 

PROBLEM TO BE SOLVED: To improve the image clarity of a steel sheet after 
coating and the flaking resistance of plating coating by forming Al-contg. 
Fe-Zn alloy plating film having specified surface roughness on a dead-soft 
steel having a specified compsn. 

SOLUTION: The compsn. of a steel is, by weight, ≤0.004% C, 0.03 to 0.13% 
Si, 0.05 to 0.4% Mn, 0.007 to 0.02% P, 0.018 to 0.05% Ti, 0 to 0.02% Nb, 0.005 
to 0.1% Al, 0 to 0.005% B, and the balance Fe with inevitable impurities. On 
at least one side of a steel sheet produced from the steel having this compsn., 
Fe-Zn alloy plating film contg. 0.18 to 0.5% Al is formed. The surface 
roughness of this plating film is regulated to ≤1μm by arithmetic average 
roughness (Ra), and the number of the peaks of troughs is regulated to 320 to 
600/25.4mm. Furthermore, it is preferable that the steel sheet before the 
plating is retained in the temp, range of 600 to 500°C for 20 to 60sec in a 
reducing atmosphere composed of hydrogen and nitrogen and in which the dew 
point is regulated to -20 to -40°C. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 

CLAIMS 
[Claim(s)] 

[Claim 1] They are below C:0.004 % and Si at weight %. : 0.03 - 0.13%, Mn :0.05-0.4 %, P:0.007 - 
0.02%, Ti : 0.018 - 0.05%, Nb : 0 - 0.02%, aluminum : 0.005 - 0. 1%, B:0 - 0.005%, The remainder is Fe. 
Steel which consists of an unescapable impurity is used as a base material. At least and on the one side 
aluminum It contains below 0.18%or more 0.5 %, and the surface roughness is 1 micrometer at 
arithmetic mean granularity (Ra). Following, The number of trough peaks: Fe-Zn which is 320-600 / 
25.4mm Alloying hot-dip zinc-coated carbon steel sheet excellent in the paint image clarity and flaking- 
proof nature which are characterized by having an alloy-plating coat. 

[Claim 2] The process which make a base material pile up in the temperature requirement of 600 - 500 
** 60 or less seconds 20 seconds or more in the process heat before galvanize a base material in the 
reducing atmosphere which a dew-point become from the hydrogen which be the range which be -20— 
40 degree C, and nitrogen be include, and it be 0. 1 1 % of the weight or more 0. 14 or less % of the 
weight of aluminum. The manufacture approach of the alloying hot-dip zinc-coated carbon steel sheet 
according to claim 1 characterize by to perform alloying processing after galvanize using the plating 
bath to contain. 
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1 .This document has been translated by computer. So the translation may not reflect the original 
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3 in the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the alloying hot-dip zinc-coated carbon steel sheet 
which is excellent in the plating-proof detachability at the time of processing, and the image clarity after 
paint and which is used mainly for automobiles, and its manufacture approach. 
[0002] 

[Description of the Prior Art] In recent years, in household electric appliances, building materials, and 
the industrial field of an automobile, the hot-dip zinc-coated carbon steel sheet is used in large 
quantities. The alloying hot-dip zinc-coated carbon steel sheet is especially widely used in respect of 
economical efficiency, a rust-proofing function, and the engine performance after paint. 
[0003] Usually, a hot-dip zinc-coated carbon steel sheet performs suitable cleaning washing for a base 
material, anneals it by the reducing atmosphere which consists of hydrogen and nitrogen, and is 
manufactured by cooling to near plating temperature and being immersed in a melting zinc bath. An 
alloying hot-dip zinc-coated carbon steel sheet heats the steel plate which carried out hot dip zincing for 
3 - 60 seconds by 500 - 600 **, and is Fe of a base material. A galvanization layer is diffused and it is 
Fe-Zn. An alloy layer is made to form and it manufactures. Generally, it is Fe of an average of a plating 
layer. A content is 8 - 12 % of the weight, and plating coating weight is per [ 20 ] one side - 70 g/m2. 
Since manufacturing in the usual means is difficult for that in which coating weight is less than this 
range and the thing exceeding this range is difficult to secure the powdering-proof nature of a plating 
layer, generally it is not supplied. 

[0004] Thus, the manufactured alloying hot-dip zinc-coated carbon steel sheet performs press working 
of sheet metal, is processed into a predetermined configuration and painted. In order to prevent the low- 
temperature chipping which is easy to produce at the time of the use after powdering which is easy to 
produce at the time of press working of sheet metal, a flaking, and paint, the adhesion of a plating coat is 
required of this alloying hot-dip zinc-coated carbon steel sheet. 

[0005] Moreover, importance is attached also to the result appearance of the painted product being good, 
and the steel plate with the sufficient image clarity after the paint it is [ paint ] the index is also called 
for. 

[0006] Powdering is the phenomenon in which a plating coat becomes powder and exfoliates in the field 
in which a steel plate receives a compression set at the time of press working of sheet metal. Zn which 
the corrosion resistance of the part deteriorated and was generated when powdering arose Powder 
adheres to metal mold and spoils the appearance quality of mold goods. It is Fe-Zn at the process of 
alloying. An alloy progresses too much and it is hard Fe-Zn of ** equality. If an alloy layer arises 
superfluously, it is said that powdering becomes remarkable. Powdering managed whenever [ plating 
coating weight and alloying ] etc., and the improvement has been achieved. 

[0007] A low-temperature chipping is the phenomenon in which a plating coat exfoliates with a paint 
film from an interface with a base material, when a pebble collides with the car body of an automobile in 
a low-temperature region 0 degree C or less at high speed. This is the problem of the adhesion on a 
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plating coat and the front face of a base material, and in order to improve low-temperature chipping 
nature, the method of adjusting the granularity on the front face of a base material which touches a 
plating coat etc. is proposed. 

[0008] In the case of press working of sheet metal, a steel plate slides on the front face of metal mold. At 
this time, a part of plating coat may become a thin film integrated circuit, and it may exfoliate. This 
phenomenon is called the flaking. If a flaking arises, it will change the blank holder pressure at the time 
of press working of sheet metal, and it not only spoils the appearance quality of mold goods, and 
corrosion resistance, but will become causes, such as press fracture and a defect of shape. Although the 
cause which a flaking generates is in the brittleness of a plating coat, or the poor adhesion between a 
plating coat and a base material front face, what is influenced most greatly is the frictional resistance 
between a steel plate and the metal mold which checks the inflow of a steel plate. 
[0009] Although it is possible to make surface roughness of a plating coat coarse and to raise the 
holdout of the lubricant at the time of press working of sheet metal as an approach of preventing a 
flaking, it is a problem that the image clarity after the paint this approach of whose the surface 
roughness of a plating coat becomes coarse and is quality important as a sheathing application of an 
automobile is spoiled. 

[0010] As a remedy to a flaking, it is Fe on an alloying hot-dip-zincing coat as indicated by for example, 
the publication-number No. 236984 [ 05 to ] official report. There is a method of electroplating a thin 
film and improving the skid nature of a plating steel plate. However, by this approach, since 
electroplating must be further given on a hot-dipping steel plate, economical efficiency is spoiled. 
[0011] 

[Problem(s) to be Solved by the Invention] The technical problem which this invention tends to solve is 
offering the alloying hot-dip zinc-coated carbon steel sheet excellent in the image clarity after paint, and 
the flaking-proof nature of a plating coat, and its manufacture approach about the alloying hot-dip zinc- 
coated carbon steel sheet used mainly for an automobile. 
[0012] 

[Means for Solving the Problem] The summary of this invention is in the alloying hot-dip zinc-coated 
carbon steel sheet excellent in the paint image clarity and flaking-proof nature which were indicated to 
following (1), and its manufacture approach indicated to (2). 

[0013] (1) They are below C:0.004 % and Si at weight %. : 0.03 - 0. 13%, Mn :0.05-0.4 %, P:0.007 - 
0.02%, Ti : 0.018 - 0.05%, Nb : 0 - 0.02%, aluminum : 0.005 - 0. 1%, B:0 - 0.005%, The remainder is Fe. 
Steel which consists of an unescapable impurity is used as a base material. At least and on the one side 
aluminum It contains below 0.18%or more 0.5 %, and the surface roughness is 1 micrometer at 
arithmetic mean granularity (Ra). Following, The number of trough peaks: Fe-Zn which is 320-600 / 
25.4mm Alloying hot-dip zinc-coated carbon steel sheet excellent in the paint image clarity and flaking- 
proof nature which are characterized by having an alloy -plating coat. 

[0014] (2) Include the process which makes a base material pile up in the temperature requirement of 
600 - 500 ** 60 or less seconds 20 seconds or more in the process heated before galvanizing a base 
material in the reducing atmosphere which a dew-point becomes from the hydrogen which is the range 
which is -20—40 degree C, and nitrogen. And 0. 11-% of the weight or more 0. 14 or less % of the weight 
of aluminum The manufacture approach of an alloying hot-dip zinc-coated carbon steel sheet given in 
the above (1) characterized by performing alloying processing after galvanizing using the plating bath to 
contain. 

[0015] this invention person etc. acquired the knowledge of the following related with many properties 
of a plating coat, and completed this invention. 

[0016] ** In the front face of a plating coat, a diameter is [ the heights of the shape of a plateau, and the 
shape of an intermittent bank, and ] 2-20 micrometers. There is the minute depression section of order. 
These heights have many which have been produced centering on the grain boundary on the front face 
of a base material, and many depression sections in the location which corresponds in the crystal grain 
on the front face of a base material conversely are accepted. These heights have many from which that 
crowning is a plane in response to the effect of skin pass rolling performed after alloying, leveler plate 
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leaping, etc. The crystal grain of an alloy plating is observed by the another side depression section, and 
it is thought that the front face after an alloying reaction is maintained. Hereafter, the depression section 
with this minute plating front face is described as a "crater." 

[0017] The heights or the crater of a plating coat front face is Fe-Zn between a base material and a 
plating coat. It is generated when alloying reactivity differs in the crystal grain of a base material in a 
grain boundary. Since reactivity is high compared with the inside of crystal grain, the direction of the 
grain boundary is Fe-Zn in a grain boundary. An alloying reaction advances early and the plating coat of 
the part equivalent to the grain boundary upper part becomes convex. A crater increases relatively in the 
crystal grain internal phase this section with a slow alloying reaction. 

[0018] ** The occurrence frequency of the crater of a plating coat front face has the number of trough 
peaks (the number of troughs which is measured between 25.4mm of measurement length here and to 
which the depth of the trough exceeds 50% of the depth of the deepest trough) and correspondence 
required in cross-section curvilinear measurement of surface roughness. The number of trough peaks 
becomes large as the number of craters increases, what has the larger number of trough peaks has 
smaller coefficient of friction, and a flaking cannot generate it easily. 

[0019] ** It is Ti to super-low C steel. Nb It adds, C in steel is fixed as a sludge, steel which restricted P 
and B content further is used as a base material, and it is aluminum. By alloying, after carrying out hot 
dipping using a galvanization bath with a high content, the increase of the number of craters and the 
number of trough peaks can be enlarged. This is aluminum of a plating coat. When a content is high, it is 
surmised that it is because the difference of the alloying reaction rate between the grain boundary on the 
front face of a base material and the inside of crystal grain is expanded. 
[0020] ** When the front face of a plating coat has many craters in this way, generally, surface 
roughness becomes coarse, and the image clarity after paint deteriorates, and become less desirable for a 
sheathing application. However, it is Si of optimum dose to a base material. It is made to contain, and if 
low-temperature maintenance is carried out in a specific reducing atmosphere, the base material which 
recrystallization ended is galvanized after that and alloying processing is carried out in the heating 
process before plating, the image clarity after increasing the crater on the front face of plating, and also 
painting can be made to improve. 

[0021] This reason is presumed as follows. Fe-Zn Alloying reactivity is influenced of the crystal texture 
of a base material. For this reason, the crystal with the high reactivity of alloying and the low crystal 
exist in the base material front face according to the difference of that texture. Since there are few 
reactant differences between a grain boundary and the inside of a grain, it is hard to produce a crater as a 
crystal with high reactivity, for example, the crystal of {100} texture which the {100} sides of a 
crystalline are accumulating on a base material front face and parallel. On the other hand, since the 
reactant difference between a grain boundary and the inside of a grain is large, a crater is more clearly 
generated as a crystal with low reactivity, for example, the crystal of { 1 1 1 } texture which the { 1 1 1 } 
sides of a crystalline are accumulating on a base material front face and parallel. 
[0022] Si With the added steel, it is Si to the base material maximum surface section at the time of 
reduction annealing. An oxide condenses and the alloying reactivity on the front face of a crystal falls. 
At this time, reactivity Sis [ the crystal of the texture where reactivity is high ] greatly. Si Although it is 
in the inclination for the reactivity of a grain boundary to also fall by concentration of an oxide, the 
direction of the reactivity in crystal grain falls more greatly. For this reason, the reactant difference of a 
grain boundary and the inside of a grain is expanded, and it is Si. Many craters come to be accepted 
rather than the steel which is not added. Furthermore, in order for the reactivity of the crystal of the 
texture where reactivity is high to fall greatly especially, the reactant difference during a crystal becomes 
small, and it is thought that the difference of the depth of a crater contracts and the arithmetic mean 
granularity on the front face of plating decreases. 
[0023] 

[Embodiment of the Invention] On the occasion of operation of this invention, the reason which limited 
each factor and conditions is explained below. In addition, % display described below means weight %. 
[0024] (1) Chemical composition C of a steel plate : since the workability of a steel plate is spoiled, few 



h g eg b eb eg e e 



Page 4 of 9 



C contents are so desirable that there are. Moreover, it segregates to the grain boundary of a base 
material, and C which is dissolving in steel is Fe-Zn in the grain boundary. An alloy reaction is delayed 
and there is an operation which controls generation of a crater as a result. It is Ti in order to secure the 
workability of a steel plate, and the number of trough peaks of a plating coat front face in this invention. 
Nb It is made to contain, and C is fixed and defanged. It is Ti if C content increases. Nb Since it must 
add so much, in economical efficiency's being missing, carbide increases superfluously and also spoils 
the workability of a steel plate. For this reason, the upper limit of C content is made into 0.004 %. It is 
below 0.003 % preferably. 

[0025] Si : Si of optimum dose If it is made to contain, when carrying out reduction annealing of the 
base material, it is Si to a base material front face. The crater of a plating coat front face is made to 
increase by producing an oxide. The holdout of the lubricant which this uses at the time of processing 
improves, and a flaking can be prevented. It is effective in decreasing the surface roughness on the front 
face of a coat to coincidence, and improving the image clarity after paint to it. The minimum is made 
into 0.03% in order to acquire such effectiveness. Si on the front face of a base material If an oxide 
becomes superfluous, the difference of alloying reactivity between grain boundaries will decrease in 
crystal grain, and the number of trough peaks will decrease too much. For this reason, that upper limit is 
made into 0.13%. 

[0026] Mn : in order to inhibit the hot shortness resulting from S mixed into steel as an unescapable 
impurity, it is made to contain 0.05% or more. If it adds superfluously, since the workability of a steel 
plate will be spoiled, the upper limit is made into 0.4 %. 

[0027] P: It is a suitable element to raise the reinforcement of a steel plate without spoiling workability. 
In this invention, in order to increase a crater and to secure the number of trough peaks, IF steel 
(Interstitial Free steel) of super-low C is used. However, since a certain amount of reinforcement as a 
steel plate for automobile car bodies is required, P is made to contain and reinforcement is held. 
Therefore, the minimum of P content is made into 0.007 %. If P is added superfluously, it will segregate 
to the grain boundary of a base material, and the alloying reaction in a grain boundary is controlled, and 
the number of trough peaks decreases. For this reason, the upper limit of P content is made into 0.02%. 
[0028] Ti : the dissolution C of super-low C steel is fixed, and in order to raise the alloying reactivity in 
the grain boundary, it is made to contain more than 0.018 %. Since economical efficiency will be spoiled 
if it adds superfluously, the upper limit is made into 0.05%. 

[0029] Nb : it is Ti although additive-free is sufficient. Since there are effectiveness which fixes 
Dissolution C similarly, and effectiveness which makes small the diameter of crystal grain of the steel 
plate after hot rolling, and raises subsequent cold rolling and the deep drawability after annealing, it adds 
as occasion demands. When adding, it is made to contain more than 0.003 % desirably. If it adds 
superfluously, the grain growth at the time of annealing will be checked, and workability will be 
worsened. For this reason, that upper limit is made into 0.02%. 

[0030] aluminum : it is used in order [ for deoxidation of steel ] to fix and defang N which is an 
unescapable impurity. If the content is ineffective at under 0.005 % and exceeds 0.1 %, effectiveness is 
not only saturated, but an oxide will be formed on the surface of a base material at the time of reduction 
annealing, and it is Zn at the time of hot dipping. Wettability is spoiled. For this reason, aluminum The 
range of a content is made into 0.005% - 0. 1%. 

[003 1] B: It is not necessary to add. However, since there is effectiveness which inhibits the brittle 
fracture after press working of sheet metal which is easy to produce when processing IF steel of super- 
low C in B, it is made to contain as occasion demands. In order to acquire the effectiveness, it is 
desirable to make it contain 0.0005% or more. Since the effectiveness is not only saturated, but it 
controls generation of a crater and the workability of a steel plate is checked even if it makes it contain 
superfluously, the upper limit is made into 0.005%). 

[0032] In addition, little direction of the element mixed as an unescapable impurity, for example, S, N, 
etc., is good, and it is desirable for S to consider and for N to consider as 0.004% or less 0.015% or less. 
[0033] (2) Plating coat aluminum Content: There is effectiveness which enlarges the increase of the 
crater of a plating coat front face and the number of trough peaks. In order to obtain the necessary 
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number of trough peaks, it is aluminum in a plating coat. A content is made into 0. 18% or more. It is 
aluminum in a plating coat. If it is made to contain, it is Fe-Zn to an interface with a base material. An 
alloy layer is formed and the alloying reactivity in crystal grain is reduced. This becomes easy to 
produce a crater, aluminum in a plating coat If a content becomes superfluous, the number of trough 
peaks will increase remarkably and the image clarity after paint will be spoiled. Moreover, when using 
IF steel of super-low C as a base material, it is aluminum in a plating coat. If a content becomes 
superfluous, alloying will be delayed too much and alloying will take long duration to it. For this reason, 
that upper limit is made into 0.50%. 

[0034] Fe Content: Fe in a plating coat Although a content is not specified by this invention, in order to 
keep good powdering-proof nature and chipping-proof nature, it is desirable to manage in 7 - 18% of 
range. 

[0035] Arithmetic-mean granularity of a plating coat front face (Ra): Use a three-dimension granularity 
measuring instrument and it is 0.8mm. Filtering excepts the above external waviness component, and it 
measures and asks for the plating front face of 10mm around with the ten or more scanning lines. Ra 1 
micrometer If it exceeds, the image clarity after paint falls and it is unsuitable as a steel plate for 
sheathing of an automobile. For this reason, Ra of the steel plate of this invention 1 micrometer It 
considers as the following. 

[0036] The number of trough peaks of a plating coat front face: A three-dimension granularity 
measuring instrument is used for the number of trough peaks like the above, and it is 0.8mm. Counting 
is carried out using the datum line formed in 50% of location of the maximum depth from the cross- 
section curve, its granularity average line, and granularity average line of the front face which excepted 
the above external waviness component by filtering, and obtained it. After a cross-section curve goes up 
to a forward side rather than a granularity average line, it carries out counting, using the time of 
exceeding the datum line of a negative side to a negative side further as one trough, and let the sum total 
of the number of troughs per 25.4mm of measurement length be the number of trough peaks. The sliding 
frictional resistance falls and a flaking stops being able to produce it easily as the number of trough 
peaks of a plating steel plate becomes large. The minimum of the number of trough peaks is set to 320 / 
25.4mm as a limitation which a flaking does not produce. On the other hand, if the number of trough 
peaks becomes large too much, the image clarity after paint will be spoiled. For this reason, that upper 
limit is set to 600 / 25.4mm. 

[0037] (3) As a base material of the steel plate of manufacture approach this invention, the cold rolling 
plate of the steel of the chemical composition indicated above (1) is suitable. However, it is good also 
considering the steel plate which annealed this cold rolling plate, or the hot rolled steel plate from which 
the oxide film was removed as a base material. Generally the facility for giving hot dip zincing is easy to 
be used. After degreasing a base material with alkaline degreasing etc., hot dipping of the reduction 
annealing is performed and carried out. Alloying processing is performed after that and it considers as a 
product. The suitable manufacture condition is shown below. 

[0038] A facility of general alkali cleaning etc. may be enough for pretreatment of the base material in 
front of hotdi£zincing. The temperature up of the base material which pretreated is carried out in a 
reducing atmosphere more than 600 **. When you need recrystallization annealing, it performs 
reduction annealing which it heats [ annealing ] more than recrystallizing temperature and makes 
recrystallization complete. After that, in process of cooling, hot dipping is performed, after holding in a 
reducing atmosphere for 20 - 60 seconds to the temperature requirement of 600 - 500 ** (maintenance 
by this 600 - 500 ** is hereafter described as "low-temperature maintenance"). Thereby, the increase of 
a crater and the effectiveness of improving the image clarity after paint become remarkable. 
[0039] Especially the ambient atmosphere at the time of this low-temperature maintenance has desirable 
dew-point-20--40 degree C in the ambient atmosphere of six to hydrogen concentration 12 volume %, 
and ******. Moreover, it is suitable to make a base material pile up for 20 - 60 seconds in the above- 
mentioned ambient atmosphere in the temperature requirement of 600 - 500 **. The case where the 
hydrogen concentration of an ambient atmosphere exceeds 12 volume %, and a dew-point - When low, 
or when neither the case where retention temperature does not fulfill 500 **, nor the holding time fulfills 
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20 seconds more than 40 degrees C, generation of a crater will be inadequate, the numbers of trough 
peaks will run short, flaking-proof nature will not be improved, and the image clarity after paint will not 
improve, either. On the other hand, the hydrogen concentration of an ambient atmosphere does not fulfill 
6 volume %, or a dew-point - When becoming high exceeding 20 degrees C, or when retention 
temperature exceeds 600 ** or the holding time exceeds 60 seconds, the amount of surface oxides 
becomes the cause which the roll for base material conveyance in increase and a furnace is polluted with 
an oxide, and surface cracks, such as an abrasion, generate. If the holding time exceeds 60 seconds, 
operation nature will worsen and will also spoil economical efficiency. 

[0040] Subsequently, after cooling even to the temperature near the plating bath, hot dipping is 
immersed and carried out to a plating bath, and alloying processing is performed. It is aluminum in a 
plating coat. In order to do 0. 1 8-0.5 % content of, it is desirable to galvanize aluminum using the plating 
bath contained 0. 1 1 to 0. 14%. In addition, aluminum under plating bath here A content is aluminum in 
dross. It does not contain. 

[0041] Plating coating weight has common 20 - 70 g/m2, and its this invention is also good at ^ 
comparable plating coating weight. 480 - 600 ** is desirable, and the temperature of the plating steel 
plate at the time of alloying is Fe-Zn further. It is desirable especially to carry out above 520 ** to which 
zeta phase (FeZnl3) which is one sort of an alloy phase disappears. This is because the direction with 
few zeta phases is good for the surface section of a plating coat, in order to make a flaking hard to 
produce. Fe of a plating coat As for a content, it is desirable to make it 7-18% of range by the average/ 
of the whole plating coat. 

[0042] In order to correct or adjust the mechanical property of a steel plate, flatness, and a configuration, 

it is desirable to perform slight rolling (skin pass rolling) after alloying processing. The effectiveness 

that image clarity improves by this is also expectable. Skin pass rolling may also be lubrication rolling 

(dry rolling) or non-lubrication rolling (wet rolling). Moreover, leveler plate-leaping processing usually 

performed may be performed. 

[0043] 

[Example] 

(Example 1) The steel of the chemical composition shown in Table 1 was ingoted, hot rolling and cold 
rolling were performed, and the coiled form steel plate of thickness 0.8 mm and width-of-face 200 mm 
was obtained. 
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[Table 1] 
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Si 


Ml) 


P 


Ti 


Nb 


Al 


B 




A 


0. 0031 


0. 030 


0.15 


0. 008 


0. 025 




0. 030 






B 


0. 0023 


0.047 


0. 10 


0. 008 


0.035 


0. 007 


0. 021 






C 


0. 0023 


0. 040 


0. 10 


0. 008 


0.030 


0, 007 


0.020 


0. 0008 


IS 


D 


0. 0035 


0. 070 


0.15 


0.010 


0.018 


0. 008 


0. 025 




m 


E 


0. 0018 


0. 0B5 


0. 25 


0. 012 


0, 022 


0.008 


0. 033 




m 


F 


0. 0025 


0.110 


0.15 


0.015 


0.044 


0.010 


0. 050 






G 


0. 0021 


0.112 


0.35 


0. 012 


0.040 


0.010 


0.C50 


0.0011 




H 


0, 0022 


0,130 


0, 38 


0. 019 


0.046 


0.015 


0.020 






I 


0. 0020 


0.128 


0.11 


0. 020 


0.036 


0.018 


0.020 






*J 


0. 0022 


*0. 001 


0. 30 


0.010 


0.018 




0.030 






*K 


0. 0025 


*0. 001 


*0.42 


0. 012 


0. 020 




0.035 




it 


*L 


0. 0018 


0. 031 


*0.52 


0.012 


0. 035 


0. 005 


0. 035 






*M 


0. 0032 


0. 032 


0.21 


*0. 028 


0. 041 




0. 035 






*N 


0. 0040 


0. 032 


0.21 


0.015 


0.010 




0. 035 







[0045] It degreased in the sodium -hydroxide water solution 10% through this to washing Rhine. 
Furthermore, the hot-dipping facility for an experiment with a direct fire reducing furnace is used, and 
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they are hydrogen 10 volume %, nitrogen 90 volume %, and a dew-point. - After having given reduction 
annealing held for 60 seconds to 850 ** in the 30-degree C ambient atmosphere, cooling in the range of 
600-500 degrees C and making it pile up for 10 - 60 seconds in this range, it cooled to 440 - 520 **, and 
hot dipping was performed. Plating coating weight sprayed high pressure gas, and adjusted it to 40**5g 
per one side/m2. aluminum of a plating bath The content made temperature of a plating bath 460 ** 0. 12 
to 0.15%. Furthermore, it heats to the steel plate attainment temperature 480 - 580 ** by induction 
heating, it holds for 20 seconds in this temperature requirement, and is Fe of a plating coat. The content 
was adjusted to 8 - 15% of range. 

[0046] Measurement of the chemical composition of a plating coat: The chemical composition in a coat 
is 0. 1 . The plating coat was dissolved in 10% of the weight of the hydrochloric-acid water solution 
containing the inhibitor of weight %, and it asked by performing solution analysis. 
[0047] Measurement of surface roughness: Arithmetic mean granularity (Ra) was measured with the 
three-dimension granularity meter [the surfboard COM by Tokyo Seimitsu [ Co., Ltd. ] Co., Ltd.]. 1 
micrometer With the contact needle, they could be the scan speed of 0.06mm/second, ten scan numbers, 
and measurement area lOmmxlOmm. 

[0048] The number of trough peaks asked for the number of troughs using the same measuring 
instrument from the cross-section curve which removed the external waviness component more than 0.8 
mm with a measurement die length of 25.4mm. 

[0049] Measurement of coefficient of friction: Coefficient of friction (mu) was measured using the 
sliding nature evaluation equipment shown in drawing 1 . The test piece 1 of width of face of 30mm and 
die-length 270 mm is held between the dice 2 of sliding nature evaluation equipment, and the blank 
holder bead 4 of a hemi cycle with a radius of 5mm, punch 3 is pressed fit, applying a blank holder load 
(P), and a test piece 1 is fabricated to the character type of KO. A blank holder load is 750, 1000, 1250, 
and 1500kgf. It considered as four conditions. The maximum (F) of the insertion pressure of the punch 3 
in each case was calculated, and it asked for coefficient of friction by following ** type from the 
increment (dP) of a blank holder load, and the increment (dF) of the maximum of punch insertion 
pressure. 

[0050] A dice 2, the blank holder bead 4, and the front face of punch 3 are #600. What was ground with 
abrasive paper was used. Slushing oil was applied to both sides of a test piece 1 two times 2.5 g/m per 
one side as lubricant, and the press fit rate of punch 3 was considered as a part for 60mm/. 
[0051] mu=dF / 2dP — less than [ **mu:0.24 ]: - O less than [ 0.24 super-0.28 ]: - less than [ 00.28 
super-0.32 ]: - ** 0.32**: - flaking-proof [ x ] nature investigation: - it evaluated using the sliding 
nature evaluation equipment shown in drawing 1 . The test piece 1 of width of face of 30mm and die- 
length 270 mm is held between a dice 2 and the blank holder bead 4, and they are 1000kgf(s) about a 
blank holder load. It carries out, punch 3 is pressed fit and a test piece 1 is fabricated to the character 
type of KO. Slushing oil was applied to both sides of a test piece 1 two times 2 g/m per one side as 
lubricant, and the press fit rate of punch 3 was considered as a part for 60mm/. Adhesive tape was stuck 
on the front face of the side pressed down by the bead of the side-attachment- wall section of the test 
piece fabricated by the character type of KO, the situation of the piece of exfoliation of the plating coat 
adhering to a tape was judged visually, and the following partition estimated. 
[0052] Those without a flaking: O 20 micrometers of under coats according to a cation mold 
electrodeposition paint to the steel plate which exists slightly and performed image clarity 
trial :immersion type phosphating after :x paint with :** flaking 35-40 micrometers of middle coats 35- 
40 micrometers of finishing Three quart paint (sum-total thickness: 100 mum extent) was performed. It 
measured using the map visibility measuring device [the NSIC mold by Suga Test Instruments Co., 
Ltd.] by having made the map visibility of this test piece into the NSIC value, and the following 
partition estimated, in addition, a NSIC value ~ blackboard polish glass » 100 it is » a NSIC value - 
100 Such good image clarity is shown that it is near. 
[0053] 
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NSICffi 95£U::@ 94~85 : O 
80-85 : A 80*« : X 



Various kinds of performance-evaluation results are shown in Table 2. 
[0054] 

[Table 2] 
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0. 222 




O 


85 


o 


J- 
3^ 


3 


B 


— oD 


oU 


n i q 


n oc 
U. Zb 




0. 80 


482 


0.203 




O 


88 


o 


?E 


4 




. in 

4U 


rr 


0. 14 


n oo 


1 0 
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0. 191 


® 


O 


86 


o 


[JLJ 


c; 




on 
— oU 


GO 


0, 12 


0. 38 


12 
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[0055] Both the image clarity after also painting flaking-proof nature of the test numbers 1-20 which 
fulfill the conditions as which this invention specifies the chemical composition and the plating coat 
configuration of a base material as shown in Table 2 is also good. 

[0056] Si Mn The test numbers 21 and 23 using the steel J and K with which the content has separated 
from the conditions which this invention specifies are inferior in the image clarity after paint. Si A 
content is low and it is aluminum in a plating coat. The number of trough peaks does not fill the value 
which this invention specifies with the test number 22 which has separated from the range where this 
invention also specifies a content, and its flaking-proof nature is not desirable. Mn The test number 24 
contained superfluously and the test number 25 of a gap which P contains superfluously are not 
[ flaking-proof nature ] desirable. Ti The dissolution C in steel segregates the test number 26 using the 
steel N for which the content was insufficient to a grain boundary, it runs short of the numbers of trough 
peaks, and its flaking-proof nature is not desirable. 
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[0057] For the chemical composition of a base material, a test number 27 is aluminum in a plating coat, 
although it is condition within the limits which this invention specifies. The image clarity after painting, 
since the content is over the upper limit of the range which this invention specifies is inferior. Also for a 
test number 28, the chemical composition of a base material is aluminum in a plating coat, although this 
invention is condition within the limits as which it specifies. Since there are too few contents, flaking- 
proof nature is inferior. Since the time amount at the time of low-temperature maintenance was 
insufficient for the test number 29, its flaking-proof nature is not desirable. 
[0058] 

[Effect of the Invention] It is hard to generate the poor flaking at the time of press working of sheet 
metal, and the steel plate of this invention is excellent in the image clarity at the time of painting. If this 
is used as a material of the exterior parts of an automobile, the yield and workability in a processing 
process are excellent, and the exterior check as products of an automobile is also excellent. Moreover, 
according to the approach which this invention specifies, this steel plate can be manufactured 
economically and rationally. 

[Translation done.] 
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